The clinical relevance of DNA copy number alterations in chromosome 8 were investigated in oral cancers. The copy numbers of 30 selected genes in 33 OSCC patients were detected using the multiplex ligation-dependent probe amplification (MLPA) technique. Amplifications of the EIF3E gene were found in 27.3% of the patients, MYC in 18.2%, RECQL4 in 15.2% and MYBL1 in 12.1% of patients. The most frequent gene losses found were the GATA4 gene (24.2%), FGFR1 gene (24.2%), MSRA (21.2) and CSGALNACT1 (12.1%). The co-amplification of EIF3E and RECQL4 was found in 9% of patients and showed significant association with alcohol drinkers. There was a significant association between the amplification of EIF3E gene with non-betel quid chewers and the negative lymph node status. EIF3E amplifications did not show prognostic significance on survival. Our results suggest that EIF3E may have a role in the carcinogenesis of OSCC in non-betel quid chewers.
I
n 2008, there are about 263,900 new cases of oral cancer and 128,000 deaths reported worldwide 1 . Oral cancer incidence rates vary extensively across the world mainly due to the types of oral cancer-associated lifestyles practiced by different groups of people 2 . The lifestyle behaviours associated with oral cancers include tobacco smoking, alcohol drinking and betel quid chewing 3 . The understanding of the genetic basis of oral squamous cell carcinoma (OSCC) carcinogenesis has progressed significantly in recent years. It is generally known that OSCC arises through a multistep process in which the accumulation of genetic alterations in proto-oncogenes and tumour-suppressor genes sets the foundation for carcinogenesis 4 . Moreover, a progression model for oral cancer has been proposed where mucosal fields with these genetic alterations can replace the normal epithelium in the oral cavity. Clonal evolution of the mucosal fields leads to invasive carcinoma 5, 6 . Chromosomal alterations in chromosome 8 have been frequently discovered in oral cancers [7] [8] [9] . Gains in chromosome 8q and losses in 8p are the common alterations found [7] [8] [9] [10] and have been shown to be involved in the lymph node metastasis of OSCCs 7, 9 . Located in chromosome 8 is the well-known gene, c-MYC (8q24), which is frequently amplified in various cancers [11] [12] [13] . The common deleted regions found in oral cancers are 8p21, 8p22 and 8p23 14, 15 . At 8p22, the FEZ1 (also known as LZTS1) gene has been shown to be frequently deleted in oral cancers 16 . Although many genetic aberrations have been found, the clinical relevance of many of these genes has not been characterized in OSCCs.
To get a better understanding of these genetic alterations in chromosome 8, we used a high resolution PCRbased method called the multiplex ligation-dependent probe amplification (MLPA) as it is able to measure chromosomal alterations of up to 40 target locations using only small amounts of DNA 17 . MLPA allows the concurrent analysis of a large set of oncogenes and tumour suppressor genes which are found in chromosomal regions that have shown copy number changes.
In this study, we aim to examine the genetic alterations of various genes in chromosome 8 using MLPA and find the associations between gene copy number changes in oral cancer with sociodemographic and clinicopathological parameters.
Results
Analysis of genetic alterations using MLPA. An overview of the copy number ratios of all 33 OSCC patients is presented in a heatmap (Fig. 1) . The percentage of gene alterations for all 30 genes is shown in Figure 2 . The most frequent losses were found in the 8p region while most of the frequent gains were found in the 8q. Eighteen patients (54.5%) showed at least a loss or a gain of a gene. Twelve patients out of these 18 patients (66.7%) had both gains and losses, five (27.8%) patients showed only gains and 1 patient (5.6%) had only gene losses. Fifteen patients (45.5%) did not show any gene alterations.
The genes with the most frequent gains were EIF3E in 27.3% of the patients, MYC (18.2%), RECQL4 (15.2%) and MYBL1 (12.1%). Two out 33 (6.1%) patients had high level amplifications (copy number . 2) of MYC. The rest of the genes with high level amplifications were ST7, EIF3E, EIF3H, EXT1 and RNF139 which were found in one of the patients with high level amplification of MYC.
The most frequent gene losses were GATA4 gene (24.2% of patients), FGFR1 gene (24.2%), MSRA (21.2) and CSGALNACT1 (12.1%).
The most frequent co-amplifications were EIF3E and MYC in 15% of patients, EIF3E and MYBL1 in 12% of patients, and EIF3E and RECQL4 in 9% of patients. All MYBL1 amplified (n 5 4) OSCCs were co-amplified with EIF3E. Of 6 MYC amplifications, 83% (n 5 5) were EIF3E co-amplified. Out of 5 RECQL4 amplifications, 3 were co-amplified with EIF3E.
Associations with sociodemographic parameters. There was a significant association (p 5 0.047) between the gain of EIF3E gene and non-betel quid chewers. The co-amplification of EIF3E and RECQL4 showed significant association (p 5 0.022) with alcohol drinkers. A detailed description of this co-amplification is shown in Table 1 . No associations were found for sex, ethnicity and tobacco smoking habit.
Associations with clinicopathological parameters. The gain of EIF3E showed significant association with negative lymph node status (p 5 0.01). MYC gains showed a trend towards association with negative lymph node status (p 5 0.066). The detailed analysis of EIF3E and MYC are shown in Table 2 and 3 respectively. There were no associations found for primary tumour size, tumour site, tumour stage, and histological grading.
Follow-up data was available for 29 patients, with a median followup of 16.26 months (range, 0.69-63.36 months). In our data set, positive lymph node status (p 5 0.014) and moderately-differentiated tumours (p 5 0.028) were significantly associated with poor overall survival. Tumour stage III and IV showed a considerable trend (p 5 0.062) toward unfavourable overall survival. Survival was not associated to primary tumour size and tumour site. None of the genes in our study were significantly associated with overall survival. KCNK9 amplifications showed a trend towards association with poor survival (p 5 0.07).
Discussion
Around 50% of OSCC patients succumb to this disease within 5 years of diagnosis despite the advancements in treatments 18 . The interest therefore is to decrease the mortality rate of patients which can be done through early detection of OSCCs. Even before cells in a tumour lesion exhibit dysplasia histologically, genetic alterations of oncogenes and tumour suppressor genes may have already been found in the lesion. The alterations in these genes could be used as markers for early screening 19, 20 . Gains and losses in chromosome 8 have been reported in various types of cancers including breast cancers 11 , colorectal cancers 21 , pro- state cancers 22 and gastric cancers 23 . Many key oncogenes and tumour suppressor genes in the 8q and 8p arm have been found frequently altered in oral cancers. These genes may play a role in the carcinogenesis of oral cancer and can potentially be used in diagnosis and prognosis. In this study, we aim to detect the genes which are frequently altered in oral cancer and find the association between these genes and clinicopathological factors.
In our study, EIF3E (8q22-q23) was the most frequently amplified. EIF3E (also known as INT6 or EIF3S6) is one of the thirteen subunits of the eukaryotic translation initiation factor 3 complex (eIF3) and is involved in the initiation of protein synthesis. EIF3E was first discovered as a common integration site for mouse mammary tumour virus. Inserted viral genome causes the production of truncated chimeric mRNA 24 , where its overexpression has attributed to the malignant transformation of human mammary epithelial cells in both in vitro 25 and in vivo 26 . However, the overexpression wildtype EIF3E did not have the same outcome. Both wild-type and truncated EIF3E can be expressed in the same cell which shows that truncated EIF3E acts as a dominant negative oncoprotein while the wild-type protein acts as a tumour suppressor 27, 28 . Its involvement in tumourigenesis though is still unclear as some studies have proposed an oncogenic role 29, 30 for this gene while others have proposed a tumour suppressor role 24, 27 . Our study showed that EIF3E was amplified in 27.3% of OSCCs which is consistent with its oncogenic role found in breast cancers 29 and glioblastoma cells 30 . Moreover, the study on breast cancer cells found no substantial expression of truncated EIF3E which points towards a role for its wild-type form in promoting tumourigenesis 29 . EIF3E amplifications were also significantly associated with negative lymph node status. Essentially all 9 patients with amplification of this gene had a negative lymph node status. This implies that although EIF3E amplification might cause tumourigenesis, it seems to also prevent lymph node metastasis. In contrast, a study done on colorectal cancers showed that in stage D cancers, the amplification of EIF3E was significantly higher in liver metastasis than primary tumours. However, this study did not find a significant difference in the amplification of this gene between nonmetasising and metasising tumours 31 . The amplification of EIF3E seems to affect tumourigenesis and metastasis of OSCC through a different mechanism when compared to colorectal cancers. To better understand the role of EIF3E in the carcinogenesis of OSCC, further studies have to be done on the expression of this gene and the involvement of the truncated EIF3E.
In addition, amplifications of EIF3E were significantly associated with OSCC patients who are non-betel quid chewers. Out of 15 nonbetel quid chewers, 7 (46.7%) out had amplification of this gene compared to only 2 (11.1%) out of 18 chewers who had this amplification. This result implies that EIF3E amplification has a part to play in the carcinogenesis of OSCC in non-betel quid chewers.
MYC, located at 8q24.21, is a well-known oncogene that is involved in cell cycle progression, apoptosis and cellular transformation. Frequent amplifications of MYC in OSCCs were found in this study and are consistent with other results 12, 13 . In a study on head and neck squamous cell carcinomas (HNSCC), amplifications of MYC has been associated with advanced tumours and late tumourigenesis 32 . MYC gene amplifications have also been associated with the progression of HNSCCs among Indians 33 . Our results showed that MYC amplifications could not predict survival which was similar to the results in other studies 33 . In our study, we found a trend associating MYC with negative lymph node status but we did not find any associations with other clinicopathological factors.
Frequent amplifications of RECQL4 were found in our study. REQL4, located at 8q24.3, belongs to the RecQ family of DNA helicases and functions to maintain genome integrity. Deficiencies of RecQ helicases have been linked to cancer predisposition and premature aging disorders 34 . On the other hand, the amplification and overexpression of RECQL4 has been reported in colorectal 31 , breast 35 , laryngeal 36 and cervical cancers 37 which is consistent with what we found in this study. In a study on breast cancers, RECQL4 has been found to be a potential metastasis promoting gene 35 . RECQL4 overexpression has been associated with late stage laryngeal squamous cell carcinomas 36 . In our study, we did not find associations between the amplifications and late stage OSCCs which indicate that the gene expression of RECQL4 has not been affected in our samples even though it showed significant amplifications.
MYBL1, a strong transcriptional activator, was found to be amplified in 4 out of 33 patients. This gene which is also known as A-Myb, is located at 8q22 and is mainly expressed in spermatocytes, neuronal cells and B-lymphoid cell. MYBL1 plays a role in the proliferation and differentiation of these cells. The role of this gene in cancer progression is less clear as it is not commonly found amplified in cancers. We also found a study which showed that A-Myb overexpression promotes cell proliferation in the benign tumours of the smooth muscle wall of the uterus (uterine leiomyoma) 38 . The most frequently deleted gene in our study was the GATAbinding protein 4 (GATA4) which belongs to the GATA family of zinc-finger transcription factors. This gene is located at the chromosomal region 8p23.1-p22 which has been shown to be among the frequent targets for deletion in colorectal cancers in concordance with our results 39 . The loss of GATA4 mRNA expression however, is attributed mostly to promoter hypermethylation as shown in various cancers [40] [41] [42] . This shows that GATA4 is a potential tumour suppressor 43 . In contrast, GATA4 was also found to be amplified and overexpressed in oesophageal adenocarcinomas, which suggests that this gene may have other roles in tumourigenesis 44 . In addition to the epigenetic factors, the deletion of this gene may have an effect its gene expression as shown by the frequent deletions found among OSCCs in our study 45 . The fibroblast growth factor receptor 1 (FGFR1) gene, located on 8p12, acts as the cell surface receptor for fibroblast growth factors and is involved in the regulation of embryonic development, cell proliferation, differentiation and migration. FGFR1 belongs to a large complex family of signalling molecules that are known to be involved in cancer progression 46 . In different cancers, FGFR1 amplifications have been frequently described. Amplification of FGFR1 has been shown in 10% of breast cancers 47 , about 5% of ovarian cancers 48 and 3% rhabdomyosarcomas 49 . A number of studies have also reported deletions of FGFR1 in addition to amplifications in bladder cancers 50 , lung cancers 51 and breast cancers 11 . Our study showed a relatively high percentage of FGFR1 deletion (24.2%) in OSCCs which is in contrast with the study done by Freier et al. Although these FGFR1 copy number changes may not influence its gene expression, this difference in results indicates that FGFR1 could have both oncogenic and tumour protective functions as shown in a related receptor, FGFR2 52 . High level amplifications were rare among the 30 genes on chromosome 8 that we analysed in OSCCs. The most frequent was MYC (6.1%) with 2 cases out of 33 showing high-level amplifications which result is similar to the percentage of high level MYC found in breast cancers (8.0%) 11 . High level amplifications of another gene, FGFR1 was also found in OSCCs 12 . In our study, high level amplification of FGFR1 was not only absent, we found that this gene was commonly deleted among our samples.
A gene in our study, EXT1 (8q24.11) has been found to be gained in betel quid associated OSCC 13 . However, there were no associations for this gene among betel quid chewers from our study.
The amplifications of two separate genes in a tumour may interact to affect tumour development. However, some genes may just be simply passengers which are co-amplified with other genes which drive tumour development. We identified three most frequent coamplifications between EIF3E-MYC (15%), EIF3E-MYBL1 (12%) and EIF3E-RECQL4 (9%). The only association found was between the co-amplification of EIF3E-RECQL4 and alcohol drinkers. The co-amplification of EIF3E-RECQL4 was found in 3 OSCC patients who were all alcohol drinkers. This suggests that the carcinogenesis in alcohol drinkers may involve the co-amplification of these two genes.
Overall, the gains and losses we found at chromosome 8 in our OSCC samples were similar with those found in other cancers. For various cancers, gene losses were frequently found in the short arm of chromosome arm 8p while most gene amplifications were found in 8q 53, 54 . The same pattern of gains and losses was also found in OSCCs 7, 8, 10, 55 . Our results were consistent with these studies. There were some notable difference in the level of gains and losses of some genes when compared to other studies on OSCCs which could be due to the difference in ethnicity or aetiology 2, 56 . The heatmap (Figure 1 ) highlights a small part of the genetic heterogeneity of chromosome 8 in OSCCs. Out of the 30 genes we studied in chromosome 8, the number of alterations of each patient ranged from as high as 9 gene alterations to no alterations. It has long been known that cancer genomes are highly complex and unstable 6 . Heterogeneity within a single cancer type is known as inter-tumour heterogeneity. Recent studies have also shown genetic heterogeneity within a tumour itself 57 . It is known as intra-tumour heterogeneity and could occur due to both genetic and non-genetic factors 58 . As a result of this heterogeneity, small tissue sample obtained may not be representative of the whole tumour. Tumour heterogeneity may have a significant impact on the effectiveness of biomarkers used in diagnosis, prognosis and treatment of cancers.
Our data showed that both positive lymph node status and moderately-differentiated graded tumours were associated with poor overall survival. Lymph node status is shown to be an important prognostic factor for oral cancers 59 . Conversely, histological grading is known to have poor prognostic impact and poor reproducibility due to the heterogeneity of tumours 59 which was in contrast to our results.
The KCNK9 gene amplifications showed a trend toward poor prognosis in our results. This gene has been shown to be amplified and overexpressed in some cancers including breast cancers 60 . However, out of the 33 patients in our study, only one patient had this amplification while another patient had a deletion. There were no prognostic significance on survival for the other genes in our study. In conclusion, we were able to simultaneously detect gains and losses of genes in chromosome 8 in OSCCs using the MLPA technique. The genes found significantly amplified in were EIF3E, MYC, RECQL4 and MYBL1 while the genes significantly deleted were GATA4, FGFR1, MSRA and CSGALNACT1. The copy number gain of EIF3E was the most frequently found and was associated with nonbetel quid chewers, indicating it has both an oncogenic and metastatic preventing role among non-betel quid chewers. Furthermore, EIF3E was also associated with the negative lymph node status, indicating its potential use as a biomarker for patients with lower risk of lymph node metastasis. However, this gene did not show prognostic value in predicting patient survival. The co-amplification of EIF3E-RECQL4 was found to be associated with alcohol drinking which suggest a role for this co-amplification in alcohol induced carcinogenesis. Our findings showed that genetic alterations could determine clinical characteristics. The alterations found in our study would assist in the development of markers for the early detection and prognosis of OSCC.
Methods
Tissue samples and DNA isolation. Fresh frozen tissues from 33 cases of oral squamous cell carcinoma (OSCC) were included in this study. Ten fresh frozen tissues of gingiva flaps taken from healthy normal non-cancer individuals during the minor impacted third permanent molar surgery were used as controls. All samples and related sociodemographic and clinical data were obtained from the Malaysian Oral Cancer Data and Tissue Bank System (MOCDTBS). The complete sociodemographic and clinicopathological details of all cases are shown in Table 4 . Overall survival data was also collected. The tissues collected were snap frozen in liquid nitrogen (2100uC to 2196uC) and were sectioned using a cryostat-microtome. A tissue section from each case was stained with haematoxylin and eosin (H&E) for histological assessment by oral pathologists. Only samples with more than 70% tumour cell content were further sectioned for DNA isolation. DNA was extracted from 750 mm of tissue sections using the DNEasy Blood & Tissue Kit (Qiagen GmBH, Hilden, Germany) according to the manufacturer's protocol. The concentration and quality of the DNA were measured using the Nanodrop ND-2000 spectrophotometer.
Multiplex ligation-dependant probe amplification. The P014-A1 MLPA probe-set (MRC-Holland, Amsterdam, The Netherlands) which specifically detects genes in chromosome 8 was used. The kit contains 32 probes which covers 30 genes on chromosome 8 and includes an additional 9 control probes from other chromosomes. The full list of genes can be found as Supplementary Table S1 online. All MLPA experiments were performed based on the supplier's protocol 17 and in duplicates. In each reaction, 50 ng of DNA in a volume of 5 ml was denatured at 98uC for 5 minutes. Then, the DNA was cooled to 25uC and a mixture of 1.5 ml MLPA buffer and 1.5 ml probe-mix was added. The mixture was then incubated at 95uC for 1 minute and then for 16 hours at 60uC for the hybridization of the probes. Next, 32 ml ligation mix was added to each reaction and then incubated at 54uC followed by 5 minutes at 98uC to deactivate the Ligase-65 enzyme. PCR was performed on 10 ml of the ligation product with FAM-labelled primers. The amplified fragments were analysed using a DNA sequencer.
Data analysis. The relative copy number ratio for each gene in every sample was calculated by dividing the normalized mean peak areas of each gene in a sample tissue with the normalized mean peak areas of the same gene in a tissue from non-cancer patients. Copy number ratios of below 0.7 were considered as loss while copy number ratios of 1.3 and above were considered as a gain. The data were interpreted using the Coffalyser software (MRC-Holland) and Microsoft Excel.
Statistical analysis. Statistical analysis was conducted using an Excel spreadsheet and IBM SPSS version 20. Significant amplifications and deletions were identified using Fisher's exact test. Copy number associations with sociodemographic and clinicopathological parameters were calculated using Chi-square or Fisher's exact test, whenever appropriate. Survival analysis was conducted using the Kaplan Meier method and log-rank test. P-values , 0.05 were considered to be significant. The data were grouped as follows: amplified vs non-amplified, male vs female, Indians vs others (Malays and Chinese), tobacco smokers vs non-smokers, alcohol drinkers vs non-drinkers, betel quid chewers vs non-chewers, tongue vs others (buccal), primary tumour size (T1/T2 vs T3/T4), lymph node (LN1 vs LN2), tumour stage (Stage I/II vs Stage III/IV), and histological grading (well vs moderate).
